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Appendiceal mucinous neoplasms (AMNs), characterized by expansile or “pushing” growth of neoplastic epithelium through the
appendix wall, are sometimes accompanied by peritoneal involvement, the extent and grade of which largely determine clinical
presentation and long-term outcomes. However, the prognosis of tumors entirely confined to the appendix is still debated and
confusion remains regarding their biologic behavior and, consequently, their clinical management and even diagnostic
nomenclature. We evaluated AMNs limited to the appendix from 337 patients (median age: 58 years, interquartile range (IQR):
47–67), 194 (57.6%) of whom were women and 143 (42.4%) men. The most common clinical indication for surgery was mass or
mucocele, in 163 (48.4%) cases. Most cases (N= 322, 95.5%) comprised low-grade epithelium, but there were also 15 (4.5%) cases
with high-grade dysplasia. Lymph nodes had been harvested in 102 (30.3%) cases with a median 6.5 lymph nodes (IQR: 2–14) per
specimen for a total of 910 lymph nodes examined, all of which were negative for metastatic disease. Histologic slide review in 279
cases revealed 77 (27.6%) tumors extending to the mucosa, 101 (36.2%) to submucosa, 33 (11.8%) to muscularis propria, and 68
(24.4%) to subserosal tissues. In multivariate analysis, deeper tumor extension was associated with older age (p= 0.032; odds ratio
(OR): 1.02, 95% confidence intervals (CI): 1.00–1.03), indication of mass/mucocele (p < 0.001; OR: 2.09, CI: 1.41–3.11), and wider
appendiceal diameter, grossly (p < 0.001; OR: 1.61, CI: 1.28–2.02). Importantly, among 194 cases with at least 6 months of follow-up
(median: 56.1 months, IQR: 24.4–98.5), including 9 high-grade, there was no disease recurrence/progression, peritoneal involvement
(pseudomyxoma peritonei), or disease-specific mortality. These data reinforce the conclusion that AMNs confined to the appendix
are characterized by benign biologic behavior and excellent clinical prognosis and accordingly suggest that revisions to their
nomenclature and staging would be appropriate, including reverting to the diagnostic term mucinous adenoma in order to
accurately describe a subset of them.
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INTRODUCTION
Appendiceal mucinous neoplasms (AMNs) are comparatively
uncommon tumors histologically defined by dysplastic mucinous
epithelium extending through the wall of the appendix, but
lacking infiltrative growth or destructive invasion1–3. The biological
behavior and clinical course of these neoplasms is heterogeneous
and mostly depends on the extent (i.e., stage) of tumor
involvement, especially at disease presentation4. For example,
most patients with tumors confined to the appendix appear to
have a low risk of recurrence after appendectomy5,6. In contrast,
patients with pseudomyxoma peritonei (PMP), a clinicopathologic
condition characterized by intraperitoneal mucinous implants and
increasing accumulation of mucinous ascites, exhibit a progres-
sive, often incurable disease course with high risk of recurrence
and even mortality5–17.
The discordance between the absence of aggressive histologic

features in this neoplasm and its sometimes malignant, albeit low-
grade, clinical behavior has resulted in a bewildering collection of
confusing and often contradictory terminologies, nomenclatures,

and classifications employed to define both the primary
appendiceal neoplasm and the resulting peritoneal disease
component. While the introduction of the term low-grade AMN
(LAMN) initially alleviated some of the confusion stemming from
these seemingly contradictory characteristics by using similar
terminology to describe both appendiceal and peritoneal disease,
slow acceptance and inconsistent usage has resulted in the
persistence of disputing opinions5,6,9,11,18,19. In a recent attempt at
consensus, the Peritoneal Surface Oncology Group International
(PSOGI) defined AMNs as mucinous neoplasms without infiltrative
invasion, but classically characterized by certain features, includ-
ing loss of the muscularis mucosae, submucosal fibrosis, “pushing”
or diverticulum-like growth or acellular mucin dissecting into the
wall, undulating or flattened epithelial growth, rupture of the
appendix, and presence of mucin and/or neoplastic cells outside
the appendix1. The use of the term “mucinous cystadenoma” to
describe these lesions was not recommended.
Following this consensus document, the most recent edition of

the World Health Organization (WHO) tumor classification catalog
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discourages terms such as “borderline” and “uncertain malignant
potential”, and has removed the diagnostic term “mucinous
cystadenoma” from its entry on AMNs3. Similarly, the American
Joint Committee on Cancer (AJCC) staging manual, in an attempt
to address the confusion regarding pathologic reporting, estab-
lished a single stage for LAMNs confined by muscularis propria
termed pTis(LAMN) and belonging to overall prognostic Stage
Group 020. However, the same neoplasms are staged as pT3 when
neoplastic mucinous epithelium or acellular mucin extend to the
subserosa or mesoappendix and belong to prognostic group IIA.
Tumor stages pT1 and pT2 are conspicuously absent from the
classification of LAMNs. Furthermore, AMNs with high-grade
histology (i.e., HAMNs) are distinctly classified according to the
staging system for infiltrating carcinomas: pT1 and pT2 categories
exist for these tumors, allowing a decision on tumor grade to drive
stage considerations.
These staging guidelines and prognostication groupings for

tumors entirely confined to the appendix, together with terms
such as “uncertain malignant potential” as have been used in the
past, would suggest that there is a risk, however small, of
recurrence, progression or peritoneal dissemination (i.e., PMP) in
these patients. Nevertheless, the exact clinical behavior and
appropriate nomenclature for these neoplasms are still a matter of
debate and they stand to benefit from additional prognostic data.
Therefore, the aim of this study was to examine the clinicopatho-
logic characteristics and long-term outcomes in a large, single-
institution cohort of patients with AMNs histologically confirmed
to be entirely confined to the appendix.

MATERIALS AND METHODS
Study cases and inclusion/exclusion criteria
AMNs were retrieved through a keyword search of our surgical pathology
records over 22 years (January 2000 to December 2021). Inclusion criteria
consisted of unique patients diagnosed with primary mucinous neoplasms
limited to the appendix. Cases with the following were excluded:
exclusively non-dysplastic epithelial hyperplasia; extra-appendiceal invol-
vement (including of appendiceal serosa and/or peritoneum) by acellular
mucin or neoplastic epithelium at presentation (i.e., stages pT4a or pM1);
appendiceal adenocarcinomas (with infiltrative, destructive growth); goblet
cell adenocarcinomas; neuroendocrine and mixed neoplasms; mucinous
neoplasms of the colon or small intestine and patients with ovarian or
other peritoneal neoplasms; specimens from endoscopic procedures only
(i.e., biopsies); cases where the appendix had not been entirely submitted
(sectioned) for histologic examination. Consultations from referring
institutions were included only when the appendix had been entirely
submitted and all microscopic slides were available for review. Some cases
(N= 64) had been previously reported by us4, including 13 with tumor
extension in the mucosa, 19 in the submucosa, 8 in the muscularis propria
and 24 in the subserosa. They are included here in terms of evaluating the
exact depth of tumor extension, reporting appendix dimensions, and
providing longer clinical follow-up.

Clinicopathologic data and patient outcomes
Data on demographic and clinicopathologic parameters, including patient
age and sex, clinical indication for and type of surgical procedure (simple
appendectomy with/without cecectomy vs. extensive ileocolic resection,
right hemicolectomy, or total colectomy), presence of perforation or
appendiceal diverticulae, gross measurements (length and diameter) of
the appendix, histologic status of the resection margin, concurrent
diagnosis of inflammatory bowel disease (IBD), tumor grade, number of
lymph nodes harvested, if applicable, treatment (hyperthermic intraper-
itoneal chemotherapy (HIPEC), cytoreductive surgery, and/or systemic
chemotherapy), and patient outcomes (disease recurrence and disease-
specific mortality) were obtained by reviewing surgical pathology slides
and reports and patient medical records. Appendiceal volume (πr2l), where
r is radius (diameter/2) and l is length (both expressed in cm and
determined by measurements on gross specimens), was calculated in
cubic centimeters. Disease recurrence was defined as evidence of
intraperitoneal or other metastatic disease after index surgical resection,
established by imaging and/or histopathologic examination. Follow-up

was defined as the time from initial diagnosis to event (disease recurrence
or disease-specific mortality) or last clinical encounter and was recorded in
months. Only patients with at least 6 months of follow-up were included in
outcome analysis.

Statistical analysis
Continuous variables (patient age and follow-up time, appendix length,
diameter, and calculated volume, and number of lymph nodes harvested)
were not normally distributed (by Shapiro–Wilk test) and are thus
presented as median values with interquartile ranges (IQR; 25th–75th
percentile) and were compared using Mann–Whitney U or Kruskal–Wallis
tests, as appropriate. Categorical variables, including patient sex, indication
for and type of surgical procedure, concurrent IBD prevalence, presence of
appendiceal perforation and diverticulae, neoplasm grade, status of
resection margin, and treatment modalities were compared using Pearson
chi-squared or one-sided Fisher’s exact tests (the latter if ≥1 cells had
expected counts <5). Multivariate logistic regression was executed using all
parameters as independent variables, except where indicated, with
calculated odds ratio (OR) and 95% confidence intervals (CI). Values/
statistics for each variable are given for cases with known data. All
statistical analyses were carried out using Statistical Package for the Social
Sciences software (SPSS; Build 1.0.0.1327; copyright 2019, IBM) with p <
0.05 considered significant.

RESULTS
Characteristics of mucinous neoplasms confined to the
appendix
A total 337 specimens were included (Table 1) from 194 (57.6%)
women and 143 (42.4%) men with median age of 58 years (IQR:
47–67). Thirty patients (8.9%) had IBD (16 ulcerative colitis, 13
Crohn disease and 1 indeterminate colitis). Indication for surgery
was mass or mucocele in 163 (48.4%) and inflammation (including
pain, appendicitis, obstruction, and intussusception) in 122
(36.2%) cases. In the remaining 52 (15.4%) patients, AMN was
incidentally found in resections for IBD, gynecological diagnoses,
or other nonneoplastic causes, including interval appendectomy.
Index surgery was simple appendectomy (with or without
concomitant cecectomy) in 258 (76.6%) cases and more extensive
(ileocolic resection, right hemicolectomy, or total/subtotal colect-
omy) in 79 (23.4%) patients. Perforation of the appendix,
described clinically (on pre-operative imaging) or grossly (during
sectioning), was seen in 24 (7.1%) cases, none of which had
dysplastic epithelium or acellular mucin on the serosa, after
complete sectioning and review of all histologic slides. Appendi-
ceal diverticulae (microscopically identified) were present in 50
(14.8%) specimens. Most AMNs were classified as low-grade (n=
322, 95.5%), but there were 15 (4.5%) cases with high-grade
dysplasia (i.e., HAMN). The resection margin was histologically
positive in 29 (8.6%) cases: in 21 cases due to neoplastic
epithelium and in 8 cases due to acellular mucin. Lymph nodes
were harvested in 102 (30.3%) cases comprising mostly extensive
resections, but also some appendectomies with concomitant
cecectomies yielding a few lymph nodes each. A median of 6.5
lymph nodes were obtained per specimen (IQR: 2–14) and a total
of 910 lymph nodes were collected which were all negative for
metastatic disease.

Depth of tumor involvement and associated parameters
Based on inclusion criteria, all tumors were confined to the
appendix. Histologic slides were available in 279 cases and all
sections were reviewed by two GI pathologists to confirm the
diagnosis and assess the deepest layer involved by tumor,
including neoplastic epithelium or acellular mucin (Fig. 1). In 77
(27.6%) cases, muscularis mucosae was intact around the entire
periphery of the neoplasm and these were classified as extending
to mucosa. They were composed of villous or undulating
dysplastic mucinous epithelium and demonstrated marked
reduction or complete absence of lamina propria, with absence
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of epithelial serration and little or no cystic dilation. In 101 (36.2%)
cases, tumor involved submucosa, occasionally pushing against,
but not involving muscularis propria. In 33 (11.8%) cases, the
neoplasm extended into, but not through, the muscularis propria
and in the remaining 68 (24.4%) cases, the tumor was present in
subserosal soft tissues, but did not involve the serosa (i.e., pT3).
In order to identify parameters that might be associated with

tumor growth into the wall, we evaluated clinicopathologic
characteristics in these four groups (Table 2). In univariate analysis,
deeper tumor extension was associated with older age (p= 0.004),
appendiceal specimens that were longer, wider, and with larger
volume (p= 0.008, p < 0.001, and p < 0.001, respectively), and
gross perforation (p= 0.031). In addition, cases with deeper tumor
extension were more likely to have had presented with a mass or
mucocele as the indication for surgery, compared to inflammatory
causes or incidentally (p < 0.001). In contrast, tumor depth did not

correlate with patient sex, resection type, co-existence of IBD,
presence of appendiceal diverticulae, grade, or histologic status of
the margin, nor were there any significant differences in number
of lymph nodes harvested between the groups. In multivariate
analysis, older age (p= 0.032; OR: 1.02 [95% CI: 1.00–1.03]),
indication of mass or mucocele (p < 0.001; OR: 2.09 [95% CI:
1.41–3.11]), and larger appendix diameter (p < 0.001; OR: 1.61
[95% CI: 1.28–2.02]) remained significantly associated with deeper
tumor extension.
Among these 279 reviewed neoplasms, those with low-grade

dysplasia in the epithelium (i.e., LAMN; n= 269, 96.4%) did not
significantly differ from those with high-grade dysplasia (i.e.,
HAMN; n= 10, 3.6%) in any of the variables examined, including
tumor depth (Supplementary Table 1).

Patient outcomes
Types of treatment employed and patient outcomes, including
tumor recurrence, development of peritoneal disease (PMP) and
disease-specific mortality, were evaluated and compared between
these subgroups for 194 patients who had clinical follow-up of at
least 6 months, including 185 cases with low-grade and 9 cases
with high-grade dysplasia (Table 3). Age remained correlated with
tumor depth, with older patients being significantly associated
with deeper tumor extension through the appendiceal wall (p=
0.011). During a median follow-up of 56.1 months (IQR: 24.4–98.5),
there was not a single instance of disease recurrence, progression,
or peritoneal involvement (i.e., PMP), in any of these tumor
subgroups, which had similar follow-up intervals. Three patients in
total received HIPEC, including one patient with tumor limited to
the mucosa but grossly evident perforation of the appendix (who
was described in the medical record as being given “prophylactic
HIPEC”) and two patients with subserosal tumor extension (one
with gross perforation and the other with appendiceal diverticu-
lae). Among 29 patients with positive surgical margins, 7 cases (all
with low-grade epithelium at the margin) underwent immediate
follow-up surgery. Resulting specimens in these procedures (4
cecectomies, 2 ileocolic resections, and 1 right hemicolectomy)
were completely negative in 4 cases, contained only acellular
mucin in the appendiceal stump in 2 cases and low-grade
epithelium (residual AMN) in only 1 case. None of these cases had
tumor recurrence after the completion resections. Overall, 13
patients died during the course of the study, all from causes
unrelated to appendiceal neoplasm (i.e., there was no disease-
specific mortality).

DISCUSSION
This study examined the pathologic characteristics and clinical
outcomes of mucinous neoplasms confined to the appendix,
subclassified according to anatomic layer of the wall involved.
Deeper tumor extension was associated with older age, clinical
indication of mass or mucocele and wider gross diameter of the
appendix. However, there were no metastases in almost a
thousand lymph nodes examined and no recurrence, peritoneal
involvement (PMP), or disease-specific mortality in almost 5 years
of median follow-up, including in cases of high-grade dysplasia.
These data indicate that AMNs confined to the appendix behave
in a benign fashion and portend an excellent prognosis, regardless
of grade or tumor depth, and accordingly may have implications
in terms of the nomenclature, staging, and, ultimately, clinical
management of these neoplasms.
Most AMNs occur in adults in their sixth decade of life, as was

the case in our cohort, which is not surprising given that the risk of
harboring appendiceal neoplasms increases with age; some
authors even recommend interval appendectomy in patients over
40 years-old for neoplasm risk reduction3,21–24. Specifically for
AMNs, which are slow-growing with absent or non-specific and
non-localizing symptoms, it is reasonable that tumors would grow

Table 1. Clinicopathologic characteristics of all 337 mucinous
neoplasms in the study.

Total cases
(n= 337)

Patient sex

Female 194 (57.6%)

Male 143 (42.4%)

Patient age (years)

Median (IQR) 58 (47–67)

Inflammatory bowel disease

Total (co-prevalence) 30 (8.9%)

Clinical indication for surgery

Mass/mucocele 163 (48.4%)

Inflammation (appendicitis, pain, etc.) 122 (36.2%)

Incidental (including interval
appendectomy)

52 (15.4%)

Surgical resection procedure

Simple (appendectomy ± cecectomy) 258 (76.6%)

Extensive (segmental or total
colectomy)

79 (23.4%)

Appendix: gross measurements

Length (cm): median (IQR) 6.8 (5.2–8.0)

Diameter (cm): median (IQR) 1.5 (1.0–3.0)

Volume (cc): median (IQR) 12.5 (5.2–49.9)

Appendix: gross perforation

Present 24 (7.1%)

Absent 313 (92.9%)

Appendiceal diverticulae

Present 50 (14.8%)

Absent 287 (85.2%)

Mucinous neoplasm grade

Low-grade (LAMN) 322 (95.5%)

High-grade (HAMN) 15 (4.5%)

Resection margin status (histology)

Positive (R1) 29 (8.6%)

Negative (R0) 308 (91.4%)

Lymph nodes harvested

Median (IQR) 6.5 (2–14)

IQR interquartile range (25th to 75th percentile), cc centimeter cubed,
LAMN low-grade appendiceal mucinous neoplasm, HAMN high-grade
appendiceal mucinous neoplasm.
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deeper into the wall in older patients given that they are less likely
to come to medical attention at a younger age, e.g., for acute
appendicitis. Supporting this conclusion, tumors with deeper
extension were also more likely to have mass or mucocele as the
indication for surgery, consistent with an enlarging mass
eventually recognized on an imaging modality such as a CT
scan25. Deeper extension into the wall was also independently
associated with wider diameter, suggesting that mucin-producing
tumors lead to increased intraluminal pressure and cause
circumferential growth. In addition, positive proximal resection
margins were not associated with tumor depth, supporting the
notion that AMNs grow radially rather than longitudinally.
However, a recent study found that LAMNs developing PMP were
significantly more likely to have smaller diameter than those that
did not develop PMP26.
The most significant finding of this study is the fact that there was

not a single event of tumor recurrence or progression (e.g.,
subsequent development of PMP) among these cases, reinforcing
prior reports on the benign behavior of AMNs confined to the
appendix. This is the largest such cohort with complete histologic
evaluation of entirely submitted appendix specimens and follow-up
of at least 6 months. The entire literature on these lesions, consisting
of tumors without extension to the appendiceal serosa or beyond at
presentation, comprises around 500 reported cases4–6,27–40. Among
these, there have only been two documented instances of disease
progression35,36. However, slides had not been available for review
in all cases and specimens had not been entirely sectioned and
submitted for histologic examination, casting doubt in terms of the
correct staging of these two lesions as being truly confined to the
appendix at presentation. Specimens with AMNs need to be entirely
sectioned and examined histologically, in order to exclude more
advanced disease. This is important since the staging of AMNs, both
low- and high-grade, incorporates the maximum extent of tumor as

determined by the presence of neoplastic epithelium or acellular
mucin. Additionally, special care should be taken to avoid
misinterpreting reactive hyperplastic changes, especially since they
tend to occur in the post-inflammatory setting41. To safeguard
against overdiagnosing reactive hyperplasia, we reviewed all slides
in order to confirm the dysplastic nature of the epithelium,
particularly in cases of interval appendectomy.
While reports in the surgical oncologic literature may not be

particularly concerned with entirely sectioning the appendix or
reviewing all slides in order to confirm true tumor depth, several
recent publications have concluded that completely resected
AMNs with no extra-appendiceal disease at presentation (whether
due to dysplastic epithelium or acellular mucin) do not require
continued surveillance35–37. In fact, there is evidence that some of
these tumors are being inappropriately diagnosed and over-
treated with risk for significant adverse side effects42. Three cases
in our study received adjuvant HIPEC, despite being confined to
the appendix, underscoring the importance of appropriate,
consistent and universal pathologic reporting in order to
effectively communicate and streamline postoperative treatment
and surveillance in these patients. Nevertheless, there is ongoing
debate and differing opinions on the proper postoperative
management of these lesions, thus necessitating collection of
additional data43,44. Hence, our study systematically documented
the completely benign nature of these lesions, when confined to
the appendix with intact serosa.
According to the AJCC classification of AMNs, grouped under

carcinoma of the appendix, “by definition, LAMNs are associated
with obliteration of the muscularis mucosae; a LAMN confined to
the mucosa with intact muscularis mucosa is categorized as
appendiceal adenoma”20. However, the WHO and PSOGI advocate
that the term mucinous cystadenoma not be used1,3. Published
guidelines only permit hyperplastic polyp, sessile serrated lesion

Fig. 1 Microscopic characteristics of appendiceal mucinous neoplasms (AMNs) entirely confined to the appendix. A Low-power view of
AMN involving mucosa only with dysplastic villous mucinous epithelium and obliterated lamina propria. B AMN that is also limited to the
mucosa, however with focally preserved lamina propria. Note intact muscularis mucosae in both A, B. C Tumor that extends to the
submucosa, evidenced by the absence of muscularis mucosae and its replacement by fibrosis. D AMN that is also classified as involving
submucosa since acellular mucin abuts, but does not extend into, the muscularis propria. E Neoplasm with extension of acellular mucin into,
but not through, muscularis propria. F AMN with acellular mucin involving subserosal soft tissue. Note the absence of muscle fibers between
the tumor and serosal surface. Note that in cases D–F, there was convincing AMN present elsewhere in the specimen and the acellular mucin
was interpreted as neoplastic in that context. Tumors in A–E would have been staged as pTis(LAMN) according to the AJCC, whereas the
neoplasm in F would have been staged as pT320. (H&E stains; original magnification: ×20 in A, ×100 in B–E, ×40 in F).
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and serrated dysplasia (low- and high-grade) as acceptable
terminology for mucosal lesions, together with colorectal-type
adenomas, which are exceedingly rare in the appendix45–47. This
lack of clarity creates confusion when naming lesions surrounded
by intact muscularis mucosae (as in Fig. 1A, B), which were the
second most common subtype in our study. We agree with Yantiss
et al., who have advocated for re-introducing the term mucinous
adenoma to describe lesions composed of neoplastic prolifera-
tions of mucin-containing epithelial cells confined to the
mucosa48,49. These lesions have been described as having
markedly decreased or entirely lacking lamina propria, as was
the case with all such neoplasms included herein. In this context, a
positive surgical resection margin does not portend a worse
clinical outcome as we and others have shown and as supported
by data in this study4,27,37,39. In fact, identifying residual tumor in
the appendiceal stump after a positive appendectomy margin is
uncommon: there was only one such case in this study (out of
seven cases with positive margin and follow-up surgery), while

another study showed no residual tumor in six cecectomies27.
Thus, given its lack of prognostic significance, margin status
should not come into play or dictate whether the term mucinous
adenoma is appropriate, as has been suggested6.
Importantly, nine cases of AMN with high-grade dysplasia (i.e.,

HAMNs) in our study also showed no evidence of progression.
Given that these are molecularly similar to LAMNs, there is no
reason for them to be staged differently, much less so by using
criteria for invasive carcinoma of the appendix20,50. Prior studies
have shown that HAMNs confined to the appendix have low risk
of progression to PMP51. Our data double the number of reported
cases, suggesting that they should not be considered worrisome
beyond their cytologic features and that they should be staged
similarly to LAMNs. In our data, there was no correlation between
high-grade dysplasia and extent of tumor depth through the wall
or any other characteristic, including diameter of the appendix.
To our knowledge, this is the first study specifically examining

outcomes among AMNs according to depth of involvement (i.e.,

Table 2. Clinicopathologic characteristics of 279 appendiceal mucinous neoplasms according to extent (depth) of wall involvement.

Mucosa Submucosa Muscularis Subserosa p value

(n= 77) (n= 101) (n= 33) (n= 68) Univariate Multivariate

Patient sex

Female 41 (53.2%) 57 (56.4%) 23 (69.7%) 40 (58.8%) 0.45 0.71

Male 36 (46.8%) 44 (43.6%) 10 (30.3%) 28 (41.2%)

Patient age (years)

Median (IQR) 55 (42–68) 55 (47–65) 57 (48–64) 64 (54.5–74.3) 0.004 0.032

Clinical indication

Mass/mucocele 14 (18.2%) 53 (52.5%) 24 (72.7%) 46 (67.6%) <0.001 <0.001

Inflammation 40 (51.9%) 34 (33.7%) 7 (21.2%) 15 (22.1%)

Incidental 23 (29.9%) 14 (13.9%) 2 (6.1%) 7 (10.3%)

Resection procedure

Simple 58 (75.3%) 76 (75.2%) 30 (90.9%) 50 (73.5%) 0.23 0.74

Extensive 19 (24.7%) 25 (24.8%) 3 (9.1%) 18 (26.5%)

IBD (co-prevalence)

Total (all subtypes) 9 (11.7%) 9 (8.9%) 3 (9.1%) 5 (7.4%) 0.84 0.15

Gross measurements (cm)

Length: Median (IQR) 6.5 (5.0–7.8) 6.5 (5.2–8.0) 8.3 (6.0–10.0) 7.0 (5.3–9.0) 0.008 0.45

Diameter: Median (IQR) 1.1 (0.8–1.4) 1.7 (1.2–2.6) 3.0 (2.2–4.0) 2.3 (1.4–3.5) <0.001 <0.001

Volume: Median (IQR) 5.1 (2.8–9.7) 14.9 (6.5–36.3) 59.3 (20.9–96.2) 21.0 (8.8–102.4) <0.001 N/A

Gross perforation

Present 6 (7.8%) 5 (5.0%) 0 (0%) 9 (13.2%) 0.031 0.28

Absent 71 (92.2%) 96 (95.0%) 33 (100%) 59 (86.8%)

Appendiceal diverticulae

Present 10 (13.0%) 22 (21.8%) 7 (21.2%) 10 (14.7%) 0.39 0.98

Absent 67 (87.0%) 79 (78.2%) 26 (78.8%) 58 (85.3%)

Neoplasm grade

Low-grade (LAMN) 73 (94.8%) 97 (96.0%) 32 (97.0%) 67 (98.5%) 0.64 0.59

High-grade (HAMN) 4 (5.2%) 4 (4.0%) 1 (3.0%) 1 (1.5%)

Resection margin

Positive (R1) 7 (9.1%) 8 (7.9%) 6 (18.2%) 4 (5.9%) 0.29 0.93

Negative (R0) 70 (90.9%) 93 (92.1%) 27 (81.8%) 64 (94.1%)

Lymph nodes harvested

Median (IQR) 5 (2–13) 8.5 (3–15) 3 (1.5–9.5) 6.5 (2–17.5) 0.77 N/A

Statistically significant p values (i.e., <0.05) are indicated in bold.
IQR interquartile range (25th–75th), IBD inflammatory bowel disease, LAMN low-grade appendiceal mucinous neoplasm, HAMN high-grade appendiceal
mucinous neoplasm, N/A not applicable.
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pT stage), showing invariably excellent prognosis when there is no
serosal disease. Thus, it may be appropriate to modify nomen-
clature and staging guidelines for these tumors (Table 4). It seems
intuitive that a lesion composed of dysplastic epithelium entirely
surrounded by intact and recognizable muscularis mucosae with
no risk of malignant progression should be termed adenoma.
Conversely, if muscularis mucosae is not intact (whether due to
pushing invasion or other situations precluding its confident
evaluation, such as fibrosis, dissecting mucin, or perforation), then
the terms adenoma or in situ (Tis) are inherently inconsistent and
these lesions are best referred to as LAMN/HAMN. We further
propose that they be assigned an appropriate pT stage, regardless
of dysplasia grade, reflecting the anatomic layers of tumor
extension through the wall (as is the case for other colorectal
epithelial neoplasms). However, given that the risk of malignant

progression in AMNs confined to the appendix is practically
absent and in order to communicate their benign prognosis, they
should be collectively assigned overall prognostic Stage Group 0.
This proposed classification would eliminate discrepant staging of
AMNs according to grade (as is currently the case), would stay
true to the anatomic separation of intestinal wall layers dictating
pT stage (as is used elsewhere in the colorectum), and would
avoid awkward designations such as labeling tumors in situ (pTis)
even when those are extending to the muscularis propria or
egregious leaps from pTis to pT3 stages without intervening tiers.
Pathologic staging would accurately project information on
natural history in these neoplasms and clinicians would perform
appropriate follow-up, avoiding unnecessary interventions, addi-
tional costs, and the adverse events that these may entail. If
confirmed, this proposal can be embraced by organizations such

Table 3. Treatment modalities employed and clinical outcomes in 194 patients with mucinous neoplasms confined to the appendix and at least
6 months of follow-up.

Mucosa Submucosa Muscularis Subserosa p value

(n= 54) (n= 68) (n= 21) (n= 51)

Patient sex

Female 30 (55.6%) 41 (60.3%) 13 (61.9%) 29 (56.9%) 0.93

Male 24 (44.4%) 27 (39.7%) 8 (38.1%) 22 (43.1%)

Patient age (years)

Median (IQR) 56.5 (42.5–67.8) 56 (47.8–66) 55 (48–63) 65 (55–76.5) 0.011

Treatment

None 53 (98.1%) 68 (100%) 21 (100%) 49 (96.1%) 0.25

HIPEC 1 (1.9%) 0 (0%) 0 (0%) 2 (3.9%)

CRS 0 (0%) 0 (0%) 0 (0%) 0 (0%) N/A

Systemic chemotherapy 0 (0%) 0 (0%) 0 (0%) 0 (0%) N/A

Follow-up time (months)

Median (IQR) 50.6 (26.4–90.1) 53.7 (24.8–100.3) 57.8 (16.2–91.5) 66.9 (25.7–100.9) 0.84

Patient outcomes

No evidence of disease 54 (100%) 68 (100%) 21 (100%) 51 (100%) N/A

Disease recurrence 0 (0%) 0 (0%) 0 (0%) 0 (0%) N/A

Peritoneal disease (PMP) 0 (0%) 0 (0%) 0 (0%) 0 (0%) N/A

Disease-specific mortality 0 (0%) 0 (0%) 0 (0%) 0 (0%) N/A

IQR interquartile range (25th–75th), HIPEC hyperthermic intraperitoneal chemotherapy, CRS cytoreductive surgery, N/A not applicable, PMP pseudomyxoma
peritonei.

Table 4. Summary of current and proposed nomenclature and staging for AMNs confined to the appendix (i.e., not pT4a or pM1).

Tumor extent (epithelium OR acellular mucin) WHO/PSOGI (Refs. 1,3,7) AJCCa (Ref. 20) Proposeda (this study)

LAMN HAMN

Mucosa (intact muscularis mucosae) Unclear Adenoma pTis
Stage Group 0

Mucinous adenoma

Submucosa (absent muscularis mucosae) LAMN/HAMN pTis(LAMN)
Stage Group 0

pT1
Stage Group I

LAMN/HAMN
pT1
Stage Group 0

Muscularis propria (into, but not through) LAMN/HAMN pTis(LAMN)
Stage Group 0

pT2
Stage Group I

LAMN/HAMN
pT2
Stage Group 0

Subserosa (intact serosal surface) LAMN/HAMN pT3
Stage Group IIA

pT3
Stage Group IIA

LAMN/HAMN
pT3
Stage Group 0

AMN appendiceal mucinous neoplasm, WHO World Health Organization, PSOGI Peritoneal Surface Oncology Group International, AJCC American Joint
Committee on Cancer, LAMN low-grade appendiceal mucinous neoplasm, HAMN high-grade appendiceal mucinous neoplasm.
aOverall Stage Groups indicated refer to tumors limited to the appendix without lymph node involvement (pN0) and no distant (including peritoneal)
metastases (pM0).
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as WHO, PSOGI, and AJCC in future iterations of nomenclature and
staging guidelines.
In conclusion, we show that, among mucinous neoplasms

confined to the appendix, deeper involvement through the
appendiceal wall is associated with older age, indication of mass
or mucocele, and wider specimen diameter, but does not confer
any risk of disease recurrence or progression to PMP, including in
cases of high-grade dysplasia and for tumors involving the
subserosa. Thus, we propose that these neoplasms be staged and
prognosticated distinctly from classic (infiltrating) carcinomas of
the appendix. Mucinous neoplasms involving mucosa only (i.e.,
surrounded by intact muscularis mucosae) warrant the diagnostic
term mucinous adenoma, whereas those extending through the
wall, but without reaching the serosa, should be called LAMN/
HAMN and staged according to similar pT definitions elsewhere in
the colon, but with a designation of overall Stage Group 0,
signifying their essentially benign nature.
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